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FIG. 1 




EXAMPLE OF A TERRAIN DEFINED BY A HEIGHT FIELD 
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FIG. 3 A 



OCCLUSION HEIGHT FIELD GENERATED BY 
PERSPECTIVE HEIGHT FIELD PROPAGATION 
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FIG. 3B 

OCCLUSION HEIGHT FIELD GENERATED BY 
ORTHOGRAPHIC HEIGHT PROPAGATION 
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FIG. 4 

METHOD FOR HEIGHT FIELD VISIBILITY CULLING 
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MODULATE A FIRST HEIGHT FIELD AS A 
FUNCTION OF DISTANCE TO OBTAIN A 
PERSPECTIVE MODULATED HEIGHT FIELD 



i 



GENERATE AN OCCLUSION HEIGHT FIELD BASED 

ON AN ORTHOGRAPHIC HEIGHT PROPAGATION 
OF THE PERSPECTIVE MODULATED HEIGHT FIELD 



i 



CULL GRAPHICS DATA BASED ON THE 
GENERATED OCCLUSION HEIGHT FIELD 
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FIG. 6 A 
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FIG. 8 A 

START *^ 410 
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DRAW PERSPECTIVE MODULATION DISK ON TOP OF A K Bi0 
FIRST HEIGHT FIELD CENTERED AT VIEWPOINT V 



APPLY THE 1-D TEXTURE IN A TEXTURE MAPPING OPERATION M 20 
TO PERSPECTIVE MODULATE THE ORIGINAL HEIGHT FIELD 
ALONG RADICAL DIRECTIONS OR SLICES CENTERED AT THE 

VIEWPOINT AND TO OBTAIN A PERSPECTIVE MODULATED 
HEIGHT FIELD IMAGE IN A FRAME BUFFER COLOR CHANNEL 



STORE THE PERSPECTIVE MODULATED IMAGE AS K 830 
A PERSPECTIVE MODULATED HEIGHT FIELD TEXTURE 



o 



JUH 1 



5 2004 a>\ 



DktNo. 2198.0100001; Group Unit: 2671 

Inventor: Hansong Zhang Tel: 202-371-2600 

Title: Method, System, and Computer Program Product 

for Visibility Culling of Terrain 



8^ 



8/17 
FIG. 8B 

SHIFT DISK-HEIGHT PROPAGATION FIXED AT EACH ITERATION 



START 



420 



840 



SET UP GEOMETRY DATA DEFINING A SHIFT DISK. THE SHIFT DISK 
INCLUDING VERTICES HAVING TEXTURE COORDINATES THAT IDENTIFY 
A FIXED TEXTURE COORDINATE SHIFT (S) ALONG RADIAL DIRECTIONS 
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BIND A PERSPECTIVE MODULATED HEIGHT FIELD AS A FIRST TEXTURE 
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INITIALIZE A FRAME BUFFER WITH A REFERENCE HEIGHT FIELD (ORIGINAL HEIGHT 
MINUE EYE HEIGHT) FOR EACH PROPAGATION BY AN INCREMENTAL DISTANCE Ad 



FOR EACH HEIGHT PROPAGATION BY 



A FIXED INCREMENTAL DISTANCE (Ad) 
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845 



PERFORM TEXTURE MAPPING AT THE SHIFT DISK VERTICES TO ACCESS 
CORRESPONDING TEXELS IN THE FIRST TEXTURE, THESE TEXELS CORRESPONDING TO 
THE PERSPECTIVE MODULATED HEIGHT FIELD VALUES IN THE FIRST TEXTURE 
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PERFORM A BLENDING OPERATION THAT SAVES THE LARGER OF THE SOURCE 
(i.e., THE INCOMING TEXEL VALUE FROM THE FIRST TEXTURE) AND DESTINATION 
(FRAME BUFFER PIXEL VALUE REPRESENTING REFERENCE HEIGHT FIELD) TO OBTAIN 
UPDATED IMAGE IN THE FRAME BUFFER (THE UPDATED IMAGE REPRESENTING A PARTIAL 
ORTHOGRAPHIC HEIGHT PROPAGATION OF THE PERSPECTIVE MODULATED HEIGHT FIELD) 
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REPLACE FIRST TEXTURE WITH UPDATED IMAGE 



848 
I. 



REPEAT STEPS 845-847 UNTIL UPDATED IMAGE REPRESENTS A FULL ORTHOGRAPHIC HEIGHT 
PROPAGATION OF THE PERSPECTIVE MODULATED HEIGHT FIELD OVER THE HEIGHT FIELD DOMAIN 
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FIG. 0C 

SHIFT DISK-HEIGHT PROPAGATION VARIED AT EACH ITERATION 




START 

| £-840 



SET UP GEOMETRY DATA DEFINING A SHIFT DISK, THE SHIFT DISK 
INCLUDING VERTICES HAVING TEXTURE COORDINATES THAT IDENTIFY 
A FIXED TEXTURE COORDINATE SHIFT (S) ALONG RADIAL DIRECTIONS 
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BIND A PERSPECTIVE MODULATED HEIGHT FIELD AS A FIRST TEXTURE 
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INITIALIZE A FRAME BUFFER WITH A REFERENCE 
HEIGHT FIELD (ORIGINAL HEIGHT MINUS EYE HEIGHT) 

FOR EACH HEIGHT PROPAGATION BY m \ 

A VARIED INCREMENTAL DISTANCE j £ 855 

PERFORM TEXTURE MAPPING AT THE SHIFT DISK VERTICES TO ACCESS 
CORRESPONDING TEXELS IN THE FIRST TEXTURE, THESE TEXELS CORRESPONDING TO 
THE PERSPECTIVE MODULATED HEIGHT FIELD VALUES IN THE FIRST TEXTURE 

^ £-856 



I 



PERFORM A BLENDING OPERATION THAT SAVES THE LARGER OF THE SOURCE 
(i.e., THE INCOMING TEXEL VALUE FROM THE FIRST TEXTURE) AND DESTINATION 
(FRAME BUFFER PIXEL VALUE REPRESENTING REFERENCE HEIGHT FIELD) TO OBTAIN 
UPDATED IMAGE IN THE FRAME BUFFER (THE UPDATED IMAGE REPRESENTING A PARTIAL 
ORTHOGRAPHIC HEIGHT PROPAGATION OF THE PERSPECTIVE MODULATED HEIGHT FIELD) 
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REPLACE FIRST TEXTURE WITH UPDATED IMAGE 
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UPDATE SHIFT DISK TO SHIFT TEXTURE COORDINATES ALONG RADIAL 
DIRECTIONS BY AN INCREASED INCREMENTAL DISTANCE s=nAd/L 



I 



^859 



REPEAT STEPS 855-858 UNTIL UPDATED IMAGE REPRESENTS A FULL ORTHOGRAPHIC HEIGHT 
PROPAGATION OF THE PERSPECTIVE MODULATED HEIGHT FIELD OVER THE HEIGHT FIELD DOMAIN 
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FIG. 8D 

SHIFT TEXTURE-HEIGHT PROPAGATION FIXED AT EACH ITERATION 



START V 420 
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BIND A PERSPECTIVE MODULATED HEIGHT FIELD AS A FIRST TEXTURE 
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INITIALIZE A FRAME BUFFER WITH A REFERENCE HEIGHT 
FIELD (ORIGINAL HEIGHT MINUS EYE HEIGHT) 
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COMPUTE DEPENDENT TEXTURE HAVING TEXELS WHICH DEFINE 
A TEXTURE COORDINATE SHIFT OF A FIXED AMOUNT 
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SET UP A RECTANGLE GEOMETRY TO WHICH A DEPENDENT 
TEXTURE AND THE FIRST TEXTURE ARE MAPPED 
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FOR EACH HEIGHT PROPAGATION 
BY FIXED INCREMENTAL DISTANCE 



3 



MAP DEPENDENT TEXTURE ONTO RECTANGLE WHICH 
MODIFIES (SHIFTS) TEXTURE COORDINATES 
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MAP THE FIRST TEXTURE ONTO THE RECTANGLE GEOMETRY 
WITH TEXTURE COORDINATES SHIFTED BY FIXED AMOUNTS 
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PERFORM A BLENDING OPERATION THAT SAVES THE LARGER OF THE 
SOURCE (i.e., THE INCOMING TEXEL VALUE FROM THE FIRST TEXTURE) 
AND DESTINATION (FRAME BUFFER PIXEL VALUE) TO OBTAIN UPDATED IMAGE 
IN THE FRAME BUFFER (THE UPDATED IMAGE REPRESENTING A PARTIAL 
ORTHOGRAPHIC HEIGHT PROPAGATION OF THE PERSPECTIVE MODULATED HEIGHT FIELD) 



866 



I 



REPLACE FIRST TEXTURE WITH UPDATED IMAGE 
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REPEAT STEPS 864-867 UNTIL UPDATED IMAGE REPRESENTS A FULL 
ORTHOGRAPHIC HEIGHT PROPAGATION OF THE PERSPECTIVE 
MODULATED HEIGHT FIELD OVER THE HEIGHT FIELD DOMAIN 
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FIG. 3 A 




910 



V 1 's POSITION l|rj |cos6 Y /2*0.5. |r* v |sin9 v /2+0.5) 

V/s TEXTURE COORDINATES: (0.5, 0.5) (SAME AS THE DISK CENTER) 



V^'s POSITION (|rj |cose y /2*0.5. |r* y |sin0 v /2+0.5) 

Vn's TEXTURE COORDINATES: (|rC |cos6 v /2+0.5. R |sin6w /2+0.5) 



THE SHIFT DISK. V 1 REPRESENTS ANY VERTEX ON THE INNER RING. AND V 2 THAT OF THE OUTER. 

s IS THE AMOUNT OF SHIFT. RADIUS OF THE INNER RING IS s. 0 IS THE ANGLE WITH THE X 

AXIS. A TRANSLATION TO THE EYE POSITION IS ADDED TO BOTH POSITIONS AND TEXTURE 

COORDINATES USING THE MODEL-VIEW AND THE TEXTURE MATRIX, RESPECTIVELY. WHEN THE 
DISK IS DRAWN. 
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FIG - 10 1000 
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ROUTINE FOR HARDWARE-ACCELERATED VISIBILITY CULLING ) 
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DRAW THE ORIGINAL HEIGHT FIELD INTO THE FRAME-BUFFER COLOR CHANNELS 
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1020 



DRAW A POLYGON OF THE SAME SIZE AS THE DOMAIN OF A HEIGHT FIELD 
WITH A CONSTANT COLOR. AND SET THE BLENDING FUNCTION TO SUBTRACT 
THE POLYGON COLOR FROM THE FRAME-BUFFER COLOR DURING THE DRAWING PASS 
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DRAW THE PERSPECTIVE MODULATION DISK WITH THE 1-D DISTANCE TEXTURE 
AND A BLENDING FUNCTION THAT MODULATES FRAME-BUFFER COLOR WITH 
THE INCOMING COLOR; MAKE THE RESULTING IMAGE A TEXTURE 
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FOR n=0 TO n<N, N BEING THE NUMBER OF PROPAGATION STEPS REQUIRED, (a) MODIFY THE 
SHIFT DISK TO SHIFT TEXTURE COORDINATES BY s=nAd/L, AND (b) ENABLE BLENDING WITH 
THE MAX BLENDING FUNCTION, DRAW SHIFT DISK WITH THE TEXTURE GENERATED IN STEP 1030 
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FIG. 11 




ORIGINAL ORIGINAL - PERSPECTIVE - AFTER N STEPS 

EYE HEIGHT MODULATED 1X4 PROPAGATION (X4 

FOR ILLUSTRATION FOR ILLUSTRATION 
PURPOSES) PURPOSES) 
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FIG. 12 
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THE 1/d FUNCTION (THE THINNER LINE) AND THE 
SAME FUNCTION MULTIPLED BY A FACTOR OF 20 (i.e.. /* 
20). USING THE LATTER FOR PERSPECTIVE MODULATION H 
RESULTS IN MORE USEABLE RANGE IN THE MODULATED HEIGHT 
FIELD AND THUS THE OCCLUSION HEIGHT FIELD DERIVED 
FROM IT. 




ORTHOGRAPHIC HEIGHT PROROGATION ON A HEIGHT FIELD. AFTER 
PERSPECTIVE MODULATION. IS EQUIVALENT TO PERSPECTIVE HEIGHT 
PROPAGATION ON THE ORIGINAL HEIGHT FIELD 
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SECONDARY MEMORY 
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REMOVABLE 
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INTERFACE 
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